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© Ink Jet recording apparatus. 

M n^T!T^ d - ng apparatus com P ri ** an Inkjet head (10) having for each of one or more nozzles (4) an 
2LSST«r^ h ^° mmun,Catlon with ™~ le W an electrostatic actuator. The actuator includes a 
diaphragm 5 provided at one part (6) of the ink passage, a nozzle electrode (21) provided in opposition to ihl 

wKTmed T 3 9aP fV n b ^ e6 Z ^ 3 Vibrati ° n Chamb6r (9) havln ^ ™« «~ waiteTwh^o^e 

walMs formed by one part of said diaphragm (5). while said nozzle electrode is attached to the other wall The 

SlTdH° nS r teS ° n t ^ nOZ2,G e,eCtr ° de (21) the 0ther p,ate of a capacltor - means selectively 
STS^S^ 61 * aCtU3t0r 38 t0 dlSP ' aCe itS diaphra9m (5) by ele ^static force, thereby to ejec* 
St t l h^L T ° r , m ° re x n022,es * Vibratlon cha ™ be ' < 9 > * sealed to be airtight Its volume V is such 
wlv < rih f th Y° ,Ume , V ^ the V ° ,Ume AV disp,aCed b * the diaphragm is within the range 2 S 
thrive vltege eleCtTOStat]c attraction with a sea,ed actua ^r and without necessity to increase 
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canyon U*£S2£S£Z SSS"* 8 "* ^ * 3 " e,6Ctr0StaW - 

resoonte toellS T^^f haV ' n9 ^Jf* h6ad f ° f ej8Cting ink drop,ets towards a recordi "9 medium in 
or con? e lf ?*! fT we " known commonly used. The inkjet head includes an actuator 
SL^J2T°. 8 j^ h8lectr,c dnVe PU ' Se int ° 3 pressure pulse whereb y *" ink droplet is ejected from a 
aTdLilS f h6ad - ' nkjet h8adS in WhiCh f0rCe * Prostatic attraction is used for tti a«u*or 
are disclosed .n. for example, JP-A-289351/1990. EP-A-0 580 283 and in EP-A-0 634 272 EP-A-0 629 so? 

hi n' A "° !f 503 (the thfee d ° CUmentS f0rmin 9 prior art according to S S EPQ Arftnkie" 
or each noz^TZh ^ f C ° mPriSeS 7" «* n022,8S - 3 ^active ink passage continuous t Z 
° J™* n ° Z ? e ' 3 d,ap hra9m form,n9 one plate of a capacitor and provided at one part of the or each ink 
Z2; f 3 " OZZI l e,ec * rode ,ocated °PP° sita to ™e d'aphragm with an air gap in between. The nozSe 
nSe e!eSr a t TT T 2 *T e ' eCtriCa ' PU ' Se * applied b ^ e8n the diaphragm Tnd 

torn me nSe ^ by ^ ° f e,ectrostatic force . thereby ejecting an ink droplet 

noJT h p i!^L nkj wH ^ th9actuator co " te ins a vibration chamber formed between the diaphragm and 
nozzle electrode. When the v.bration chamber is exposed to the open air. dust and other airborne 

EpTo ^oV^Sr olT Vibrati0 " Chamb9r Whe " thS di3phra9m iS driven - As discSn 

!f ^ I 8 P L° Dlem 080 08 corrected p y sealing the actuator. However, when the actuator is 
sealed. a,r sealed ms.de the vibration chamber adds resistance to the electrostatic attraction of the 
Tr"*! S f Ci6nt e,8ctrosta « c attracti o" ^ norma, operation. When me Electrostal 
rtTaZZ In" ,b ^" chamber ^creases, insufficient pressure is generated to adequately eject ink. and 
fo J ty ,f r ° P S ' 9 ? fi J""* d9CreaSe ° f electrostetic lotion can be compensated 

00 V Zh hinh h 3PP ^ d t0 aCtUat ° r - EP " A -° 580 283 discloses 3 drive voltage of 70 to 

100 V. Such high drive voltage is undesirable, however. 

statiraSSn^^n^f - pr8sent J nV8nti ° n iS to provide 30 ^jet head whereby sufficient electro- 
static attraction can be obtained even w.th a sealed actuator and with a drive voltage no higher than about 

This object is achieved with an inkjet recording apparatus as claimed in claim 1 
Preferred embodiments of the invention are subject-matter of the dependent claims 
In an .nkjet head of the present invention the vibration chamber in the actuator is an airtight structure 

££L * P0SSibiHty ° f f ° re, ' 9n matter such as airborna Palate being aSefto^nd 

penetrating the vibration chamber when the diaphragm vibrates. -^acrea IO ana 

S uffW«nHv ^T S t l° Und ° Ut PraCti ° 8, th8 pr8SSure increase inside *° v ' b ration chamber is 

T V Pr6V ! nt diSt0rti ° n ° f th8 diaphraam b V electrostatic attraction, when the volume V of 
the sealed vibration chamber (hereinafter referred to as "actuator volume") is two or more times oreater 
han the volume AV displaced by that diaphragm distortion that is necessary to ensure SatleTnk Son 

S^H r : ,e : red t0 ? " diSp,aCem8nt vo,u ™">- ™* wording to L present inven^rsuSt 
d.aphragm distortion can be obtained without requiring an undesirably high drive voltage 

head^o 0 hT„ r " h^ 0 ' 5* rat, '?/^ V iS d8termined such as to avoid an unnecessary increase of the inkjet 
head to obtain a high wafer yield (the number of heads made from one wafer) on the other hand 

™Lh°« tominimi2 e the volume of the vibration chamber itself when a volume provided for 

cnmT^S!" 9 * 3 .r n9 „ mem ° er conn( ** n e the nozzle electrode to a terminal member is made to 

~T ^ "If V ' brati0n ChamD8r and " thUS ' 8ddS to the actuato ' volu ™. In this way a sutob e 
actuator volume can be obtained without requiring enlargement of the inkjet head 

oas S n p r a : k ' na . and actuator deterioration due to sparking can be prevented by sealing an inert gas, nitrogen 
gas. or dry air in the actuator or vibration chamber. ^ 

r«fo~ e i" V ! n H 0n W !" b8 descri 'bed in more detail below with reference to the drawings which illustrate a 
rererred embodiments only and in which: 

Fig. 1 is a partially exploded view of an inkjet head according to a preferred embodiment of the 

50 present in vent on; 

Fig. 2 is an enlarged view of portion A in Fig. 1; 

Fig. 3 is a lateral cross section of a complete assembled inkjet head according to the preferred 

embodiment of the pr sent invention; 

Fig. 4 is a p rspectiv view of the assembl d inkjet h ad; 

55 Fig. 5 is a plan view taken along line A-A in Fig. 3; and 

Fig. 6 is used to describe th operation of the diaphragm. 

ei rt^ 8 fT b0dlm ? nt ° f ^ inVentj ° n d SCrib d be,0W iS an ed9e ^ ink i et head "herein dropl ts are 
ej ct d from nozzl s prov.ded at the edge of a substrate. It is to b noted that the invention may also be 
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applied to a face type Inkjet head wherein the ink is ejected from nozzles provided on the top surface of the 
substrate 

The Inkjet head 10 of this embodiment is made up of three substrates 1, 2, 3 one stacked upon the 
other and structured as described in detail below. A first substrate 1 is sandwiched between second and 
third substrates 2 and 3, and is made from a silicon wafer. Multiple nozzles 4 are formed between the first 
and the third substrate by means of corresponding nozzle grooves 11 provided in the top surface of the first 
substrate 1 such as to extend substantially in parallel at equal intervals from one edge of the substrate. The 
end of each nozzle groove opposite said one edge opens into a respective recess 12. Each recess in turn is 
connected via a respective narrow groove 13 to a recess 14. In the assembled state the recess 14 
constitutes a common ink cavity 8 communicating with the nozzles 4 via orifices 7 formed by tine narrow 
grooves 13 and ejection chambers 6 formed by the recesses 12. As shown in Figs 1 and Success U ^has 
an ink supply opening at the rear side (side remote from the nozzles). The bottom of each ejection chamber 
6 comprises a Lphragm 5 formed integrally with the substrate 1. As will be understood the , ooves and 
recesses referred to above can be easily and precisely formed by photolithographic etchu,g of the 
semiconductor substrate. Note that diaphragms 5 are formed by first doping substrate 1 wrth boron to 
provide for etch stopping followed by etching to form the diaphragms with a thin, uniform thickness. 
P BecSiatic actuators each comprising a diaphragm and an associated nozzle electrode are formed 
between the first and the second substrate. A common electrode 17 of the actuators isprov^dedo the f rst 
substrate 1. The magnitude of the work function of the semiconductor forming the first substrate 1 and he 
metal used for the common electrode 17 are important factors determining the effect of electrode 17 on f rst 
substrate 1. The semiconductor material used in this embodiment has a resistivity of 8 - 12 Qcm. and the 
common electrode 17 has in fact a two-layer structure made from platinum on a titanium base layer or gold 
on a chrome base layer. The base layer is provided mainly to improve the bonding strength between the 
substrate and the electrode. The present invention shall not be so limited, however, and vanous other 
material combinations may be used according to the characteristics of the semiconductor and electrode 

mat As a shown in Fig. 2, a thin oxide film 24, approximately 1 urn thick, is formed on the entire surface of 
first substrate 1 except for the common electrode 17. This creates an insulation layer for preventing 
dielectric breakdown and shorting during inkjet head drive. mltwMta 1 

Borosilicate glass is used for the second substrate 2 bonded to the bottom surface of firs ^b^e^ 
A recess 15 for accommodating a respective nozzle electrode 21 is formed ,n the top of second substrate ,2 
below each diaphragm 5. When the second substrate 2 is bonded to the first substrate 1 vibrahon 
chambers 9 are formed at the positions of recesses 15 between each diaphragm 5 and the °PP° S '"9 nozzle 
electrode 21. A .ong, thin support member 35 is located in the middle of each recess 15 ^The i purpose of 
the support member 35 is to provide for an additional support ,n case of very ttnn d apragms. Support 
members 35 are not required K sufficient rigidity (resilience) for ink ejection is obtained by forming 
diaphragm 5 with sufficient thickness. The height of the support members 35 may correspond to or be less 
the depth of the recesses. n . . . 

In this embodiment, recesses 15 formed in the top surface of the second substrate 2 provide for gaps 
between the diaphragms and the respective electrodes 21. The length G (see Fig. 3; heremafte, ^the gap 
length") of each gap is equal to the difference between the depth of recess 15 and the ttiickness of the 
Srode 21. It isVbe noted that this recess can alternatively be formed in the bottom surface , of the ^ 
substrate 1. In this preferred embodiment, the depth of recess 15 is 0.3 urn. and the pitch and width of 
nozzle grooves 1 1 are 0.2 mm and 80 urn, respectively. „„,„,_ 
As shown in F,g. 1. the wiring formed in the top surface of second substrate 2 eompnses the nozzle 
electrodes 21 and lead members 22 connecting each nozzle electrode to a respective terminal member 23 
As shown, the lead members are located in grooves 22a connecting to the ™»^™£!Z2 
members 23 are located in a corresponding recess formed at one edge of second substrate 2. A I recesses 
and grooves accommodating this wiring are preferably formed with the same depth although may not 
so always be necessary. The wiring (nozzle electrodes 21, lead members 22 and terminal members 23) , « 
formed Ey sputtering gold onto the second substrate 2 to a thickness of 0.1 un.. Nozzle electrodes 21 are 
lormed at positions and with shapes respectively matching diaphragms 5. ITO or another 
film material may be us d in place of gold in the formation of the electrodes 21. their lead members 22 and 

ss ter To a roS b e e g.a 2 s 3 s is also used for the third substrat 3. Nozzles 4, j ction chambers 6. orifices 7 and 
ink cavity 8 are formed by bonding third substrate 3 to the top surface of first substrate 1. Support member 
36 in ink cavity 8 adds reinforcem nt to prevent collapsing rec ss 14 when first substrat 1 and third 
substrate 3 ar bonded together. 
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finrvv r l SUbStrat !A and SeC ° nd substrate 2 are an°dically bonded at 270 - 400- C by applying a 500 - 
Semb,* T' ^ bStratS 1 thlrd SUbStrate 3 " * en bondad under *° ~™ conditions "to 

Sll? 'h ^ 35 ShOW " R9 - 3 - Aft6r anodfc ^"W- 9 a P le n 9 th G formed between 
diaphragm 5 and nozzle electrode 21 on second substrate 2 is 02 um in this embodiment 

circuTrFlS Tof^l* thUS aSS9mb 'f d - drive circuit 102 * connected by connecting flexible printed 
shown JTSL V ^TT COmm ° n e ' eCtr0de 17 and terminal members 23 * nozzle electrodes 21 as 
ele^odes?7 andS anisotrop,c inductive film is used in this embodiment to bond leads 101 with 

airti nht th6 Preferrcd embodiment, nitrogen gas is injected into vibration chambers 9. which are then sealed 

to^lZLTST*'" 9 r ea,i " 9 T nX 3 °- Vibrati ° n ChamberS 9 sea,ed near term ina. members Sin 
rn.s embod.ment, thus enclosing v,bration chamber 9 and the volume of the lead member grooves witttin 
the "volume of the actuator" (this is described in greater detail below). 

Ink supply tube 33 and ink supply vessel 32 are fit externally to the back of the Inkjet head Ink 103 is 
•upptod from an ink tank (not shown in the figures) into first substrate 1 via ink supply tobe 33, ves e. 3 I 
and he ink supply open.ng at the rear of ink cavity 8 to fill ink cavity 8 and ejection chambers 6 The ink in 

whTn inkJt^n 6 T"" mk ^ lete 104 * ctod fr ° m "° 2zles 4 and printed to reccing pTpe 105 
when inkjet head 10 is driven as shown in Fig. 3. 

«t«r! e », PreS ? nt in w"^ iS characterized ^ thus sealing vibration chambers 9 within the actuator, and 

so S h k T, ^ *? aCtUat ° r SUC " 1,131 the rati0 between *e actuator volume V and the volume AV 
20 displaced by a distortion of diaphragm 5 is within the range 2 sv/AVS 8. 

Fig. 6 is used to describe the operation of diaphragm 5. 

When a drive voltage is applied to an actuator, the capacitor comprising the nozzle electrode 21 and 
diaphragm 5 is charged, and the diaphragm 5 is attracted to electrode 21 by electrostalc force "d 
distorted as shown Fig. 6. This deflection increases the volume of ejection charnberTanT^educes tne 
volume of vibration chamber 9 by the displacement volume AV. The reduced vo.ume of the "Nation 
chamber causes the pressure P Q in the vibration chamber to increase by a pressure increment AP to an 

dtT£i V ! Sta l e v, (Wher : diaphra9m 5 and e,8ctrode 21 are in Parallel) in a short time and part of tine 
dZZZ***Z f '%?" 2ed *T 8JeCti0n - Whi ' e the d, ' St0rti0n ° f ^ diaphra 9 m in res P°nse to the 
£EJ£2!« , me ' Un ' eSS ° therWiSS Specified ' AV 3,1(1 AP as used in *is specification refer 

to the respective max,mum values, i.e. those immediately prior to removal of the drive voltage 

Droned Fi? Fi9 '. 6 ? ° WS T e CaSe With0Ut SUPP ° rt member - When support m «mbers 35 are 

h^f! F, 9- 6 could be regarded as showing only one half of the arrangement (w/2 instead of w), ie 

miXr flnH fiT' L* 9 '? ° ^ diapra9m 8nd SUPPOft m<Wnb8r 35 ' other half betwa °n the support 
I ? 6 ° mer atera ' 6d9e bei " 9 ^metrical. While the following discussion is based on tne 
assumption that no support members are employed it applies in substantially the same way to the case of 
using support members. 

As mentioned before, the lower limit for the ratio WAV ensures that the pressure increment AP in the 

£2Tn STT J"?"?* ' 0W - ^ reaS ° n f ° r ^ Upper Kmit ° f V/AV - bribed below T A e a,ues 
shown in Table 1 are the design values for inkjet heads of various printing resolutions 

In Table 1, head types (1) and (2) are edge ejection type inkjet heads using a (100) face silicon 

cnamSr T ? ^ h6- ^ "» aCtUat0r V0,U ™ inc,udes *e volume J vibration 

chamber 9 only and does not include any volume related to the wiring (lead members and terminal 

I TOST h T e T° de - h6ad tyPe (2) ' th9 aCtUator is sea,ed near »• e,ecfr ° da t-minafs 
(see Figs 3 and 5). and the actuator volume includes the volume of the cavity formed by the lead member 

groove 22a (which functions as "dummy volume" to increase the actuator volume) in addition to the volume 
ihST? °. 8 ' l . Sby redUdn9 the pressurQ incre ment AP in the vibration chamber associated 
« nw!^' SP , kI T AV - HMd typeS (3)> (4) ' and (5) are ,ace *° c «°" type inkjet heads using a 
(110) face silicon substrate for the first substrate 1 with the actuator volume similarly maximized by using 

SiefhlT^TV" 3 ?° limit6d hSad S, ' 2e - EaCh ° f h8ad * pes ™ ~ < 5 > 'actions sufficiently as aS 
inkjet head, and is designed so as to maximize the yield from each wafer 

In the case of head type (1), for example, the V/AV ratio is 2.31. and the increased pressure P, in the 
2E?r£T * ^W™ 2 < 17 3 x «>• pa >- ■ « dummy volume is provided in mis type of head 
without changmg the head siz . the V/AV ratio increases to 4.69 and th increased oressure P, droos 
approximat ly 30% to 1.27 kgf/cm* (12.4 x 10* Pa) as shown in the type (2) held ' P 

th hV a V°L PO Thic le,0 ,Hw h rreduCath leased pressures in the vibration chamber without increasing 
th head size. This would decrease the yield per wafer and increase unit cost. 
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When the resolution is increased, i.e.. the nozzles are arranged closer together, the displacement 
volume AV decreases, because the volume of each ink droplet ejected .s smaller than ,n case of a low 

^SeJmSe the more nozzles the head has. the larger the dummy volume becomes, and the V/AV 
raJlT theTef"; increased, because the area of the lead members 22 relative to the total head area 

inCre FoTexample the area occupied by diaphragms is approximately 40% of the total area ofl heafl I chip ^in 
the Sse oSd types (1) and (2). but is approximately 25% in head types (3). (4). and (5). ^The ratio WAV 
T^Twhln Te glSest possible dummy volume is used In these high resolution inkjet heads without 

S ^1Xt^^^ SEEK *an 8 without increasing the head size, which would 

ranae for the V/AV ratio considering Inkjet heads of various resolutions is 2 £ V/AV S B. nMmnpn 
« shouS betarther noted that while the present embodiment described above .s sealed with nitrogen 
aas Iside me se^S gi of the invention shall not be so limited, and may alternatively be any (a) inert gas 
In Ha^m nftroaen aas or (c) dry air that is chemically stable and will not chemically react when the 

s head is srssj^i^^*B-). ^ * e 938 properties to T*T *" TTSZZ 

mkjet neao i is anven *u » electrode 21 The preferred order of selection for these sealed gases is 

oLws' ttat b nTogen gas, is the preferred selection overall with respect to both performance and cost 
SZSL^lEZ sealed gases also prevent sparking inside vibration chamber 9. and yield stable 

0Pe, if older that all actuators of a multi-nozzle inkjet head have the same characteristic it is preferable that 
the are equalized. As will be understood from Rg. 1 ^ ^ f ^l 

such that despite their different lengths each provides the same dummy volume. 



35 



40 



45 



50 



55 



BP 0 671 271 A2 



70 



75 



20 



25 



30 



35 



40 



45 



SO 



S * 



O CD 

I IS 

1 4 



*• 

a. 




CO 


fc £ 2 S 2 


> 
< 


in 5 S 5 5 

[ ru V K N s! 




1 *■ VI IA *- Oi 

1 a « kj n « 

a Q o o o 
o o e o o i 
1 o o o o o 


> f 


j 1 1 § § i 

j o o o o o 


01 JT 

« f 1 


*S 1 ^ 


til 


H s 5 s 

o o o o o ( 


« 

2 ^ 
c» 3 o 

>- Kl S 


« w £; t 


£ ~e 


8: S 5 ss g 


*> ra I 

M g | 

u» M j 


5 ? » ol 2 
£ <5 5 5 5 


*s 5 1 
s | 

2 1 


£ £ £ 2 S 

o o o o o 


§ 2 1 

— IX .1 




*- w o 1 

8 £ a 


fM *m rw «r co 
— — — rvi 5? 


! s 

8- i 




u o C 1 
* cc <S 1 


5 5 S S S 




— fM — M K> 




§ s § g g 
n 8 8 8 


s 

□c I 


*• • V 7 7 

IIII J 





55 Claims 



1- An inkjet recording apparatus comprising; 

an inkjet head (10) having for each of one or more nozzi s (4), 
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an ink passage (7, 6) in communication with the nozzle (4), and 

an electrostatic actuator comprising a diaphragm (5) provided at one part (6) of th ink passage, a 
nozzle electrode (21) provided in opposition to the diaphragm (5) with a gap (G) in between, said 
diaphragm constituting one and the nozzle electrode (21) the other plate of a capacitor, and a vibration 
chamber (9) having upper and lower walls of which one wall is formed by said diaphragm (5), while said 
nozzle electrode is attached to the other wail, and 

drive means (102) for selectively charging and discharging each actuator such as to displace its 
diaphragm (5) by electrostatic force, thereby to eject ink droplets from said one or more nozzles, 

wherein said vibration chamber (9) is sealed to be airtight with a volume V such that the ratio 
between the volume V and the volume AV displaced by the diaphragm when the displacement of the 
diaphragm has its maximum is within the range 2 £ WAV S 8. 

2. The apparatus according to claim 1 , wherein said volume V includes a volume formed by a cavity (22a) 
accommodating a wiring member (22) connected to the electrode (21). 

3. The apparatus according to claim 1 or 2 comprising multiple nozzles wherein each of the actuators has 
substantially the same volume V. 

4. The apparatus according to claim 1. 2 or 3, wherein the vibration chamber (9) or the vibration chamber 
(9) and the said cavity (22a) for accommodating the lead member (22), respectively, are filled with an 
inert gas, nitrogen gas, or dry air. 
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FIG. 5 
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(54) Ink Jet recording apparatus 

(57) An inkjet recording apparatus comprises an 
inkjet head (10) having for each of one or more nozzles 

(4) an ink passage (7, 6) in communication with the noz- 
zle (4) and an electrostatic actuator. The actuator 
includes a diaphragm (5) provided at one part (6) of the 
ink passage, a nozzle electrode (21) provided in opposi- 
tion to the diaphragm (5) with a gap (G) in between and 
a vibration chamber (9) having upper and lower walls of 
which one wall is formed by one part of said diaphragm 

(5) . while said nozzle electrode is attached to the other 
wail. The diaphragm constitutes one and the nozzle 
electrode (21) the other plate of a capacitor. Drive 
means selectively charge and discharge each actuator 
such as to displace its diaphragm (5) by electrostatic 
force, thereby to eject ink droplets from said one or 
more nozzles. Vibration chamber (9) is sealed to be air- 
tight. Its volume V is such that the ratio between this vol- 
ume V and the volume AV displaced by the diaphragm 
is within the range 2 s WAV s 8 . This enables suffi- 
cient electrostatic attraction with a sealed actuator and 
without necessity to increase the drive voltage. 
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